Scheme1. Synthesis of macrocyclic compounds containing 5-mercapto-3H-1,3,4-thiadiazolin-2-ones.
Many macrocylic compounds possessing heterocyclic constituents show unique chemical and biological properties, and the literature contains studies on macrocylic compounds containing 2-imino-5-mercapto-3H-1,3,4-thiadiazoline, 1 5-amino-3H-1,3,4-thiadiazolin-2-one, 2 5-mercapto-3H-1,3,4-thiadizolin-2-one, [3] [4] [5] 5-amino-3H-1,3,4-thiadizoline-2-thione, 6 5-amino-2H-1,2,4,-thiadiazolin-3-one, 7 and 5-amino-2H-1,2,4-thiadiazoline-thione 7 groups. The current study focuses on macrocycles composed of two 5-mercapto-3H-1,3,4-thiadizolin-2-one units. From 5-mercapto-3H-1,3,4-thiadizolin-2-one, Sbridged macrocyles can be derived, in which the sulfur atoms are directly connected to the heterocyclic rings. To enhance the selectivity of the ligands and the stability of the complexes, various changes in the crown ether structures have been attempted, [8] [9] [10] [11] [12] including the replacement of ligand polyether oxygen atoms by surfur or nitrogen atoms and the insertion of aromatic or heterocyclic rings into the macroring. 5-Mercapto-3H-1,3,4-thiadizolin-2-one provides rigidity, but also soft donor atoms to form complexes. The sulfur atom is soft and thus useful for forming complexes with transition metals cations like Ag + which we performed preliminary trial shown in experimentals.
To form the macrocyclic compound, two of these heterocyclic rings were linked by either ether chains or alkyl chains as shown in Scheme 1. The crystal structures of many of these compounds were determined by interpreting X-ray diffraction patterns. The 15-, 18-, 21-, 22-, 23-, and 25-membered macrocyclic compounds shown in Scheme 1 produce central cavities of different sizes and shapes.
The synthetic procedures are similar to those previously reported for macrocycles composed of two 5-mercapto-3H-1,3,4-thiadiazolin-2-ones and two xylenes. 4 The synthesis starts with a regioselective S-alkylation of 5-ethoxy-1,3,4-thidiazoline-2-thione (1) under basic conditions. 3 The reaction of 1 with the appropriate α,ω-dibromoalkane or 2-dibromoethyl ether in the presence of triethylamine in ethanol yielded S-alkylated dimers (2). The structure of 2 was determined by interpreting both 1 H and 13 C NMR spectra. Signals corresponding to the SCH2 group appeared at 3.41 and 31.6 ppm in the 1 H and 13 C NMR spectra of 2e, respectively, while the thiadiazole carbon atoms C(2) and C (5) (4) 
124.4 (3) and elemental analysis. Successful macrocyclization of compounds 3c to 4c was demonstrated by N-alkylation, as evidenced by the appearance of an NCH2 group in place of the NH group at 3.68 and 44.8 ppm in the 1 H and 13 C NMR spectra, respectively, and the strong carbonyl band at 1674 cm -1 . The 4c was isolated as HCl salt. Macrocycle 4c was further characterized by single-crystal X-ray diffraction studies. The crystallographic data and structure refinement parameters for 4c [C10H14N5O2 S4Cl] are summarized in Table 1 , and the selected bond distances and bond angles are given in Table 2 . An ORTEP view including the atomic numbering scheme is shown in Figure 1 . The molecule exhibits a C 2 -axis passing through atom N11 and the middle point of two C1 atoms. Hydrogen bonds N11-H … C12 serve to hold the macrocycles together. As shown in Figure 1 , the X-ray crystal structure of 4c is a 15-membered macrocycle composed of the C-N-N atoms of 1,3,4-thiadiazolone rings, syn-ethyl amine, and an S-anti conformation within the ethylene. Two of the 1,3,4-thiadiazolone rings are planar. The molecular ion peak (m/z 364) and microanalytical data support the molecular formula C10H15N5S4O2Cl. Macrocycle 4c was derived from 1 with an overall yield of 10 -13% after recrystallization.
The structures of macrocycles 4b, 13 4f, 14 and 4g, 15 as determined by X-ray diffraction, are summarized in Several macrocyclic compounds containing 1,3,4-thiadiazoles have been reported as being efficient complexing agents for silver ion. 16 To assess this ability for the macrocycles described herein, complexation studies of the macrocyclic host 4g were performed with a silver salt. The formation of a white precipitate was observed upon exposure of the macrocycle to a THF solution containing AgClO4. Despite using a variety of solvents, single crystals of the white solid complex were unobtainable, yielding either powders or small quantities of crystals unsuitable for X-ray diffraction studies. Although the actual structure of the complex is unknown, the stoichiometry (1 : 1, host : metal) was deduced from microanalytical data. To speculate on the structure of the complex is difficult without clear evidence because the coordination of Ag(I) is typically irregular, and coordinations of two, four, five, and six atoms are known. 17, 18 The IR absorption bands are characteristic of free counter anions at 1085 cm -1 (literature range 1081 -1098 cm -1 ). 19 Unfortunately, determining whether the NMR spectrum of the complex differs from that of macrocycle 4g was impossible because of its very low solubility in deuterated organic solvents.
Experimental Section
The synthesis of 5-ethoxy-1,3,4-thiadiazoline-2-thione, . The data was collected by the ω/2θ scan mode. Structure was solved by applying the direct method using a SHELXS-97 and refined by a full-matrix least-squares calculation on F 2 using SHELXL-97. 21 All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were calculated in ideal positions and were riding on their respective carbon atoms (Biso = 1.2Beq).
Crystallographic 
